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We, The Goodyear Tire & Rubber Com- 
pany, a corporation organised under the laws 
of the State of Ohio, United States of 
America, with offices at 1144 East Market 
Street, Akron, Ohio, United States of America, 
do hereby declare the invention, for which we 
pray that a patent may be granted to us, and 
the method by which it is to be performed, 
to be particularly described in and by the 
following statement: — 

This invention relates to dimensionally 
stable, low temperature impact-resistant 
rubbery graft polymers produced by forming 
a resinous acrylonitrile polymer in the pre- 
sence of a preformed rubbery polymer of a 
conjugated diene, a vinyl aromatic monomer, 
and acrylonitrile, and to flexible and ridged 
blends thereof. 

Impaa-resisiant compositions which^ are 
flexible at low temperatures and yet resistant 
to softening at elevated temperatures are desir- 
able for many uses including skins for 
cushioned panel covering now being used on 
the instrument panel areas of automobiles, as 
sub strata for laminated stock, as a substitute 
for paper in the manufaaure of wall covering, 
and many other uses. Early attempts to develop 
such a composition were directed to using the 
propenies of resinous compositions and rubbery 
compositions in blends of suitable proportions. 
These resin/rubber blends altiiough satisfaaory 
in some respects were lacking in many proper- 
ties now desired. For example, it is known that 
resistance to softening under heat is a property 
possessed by polystyrene and it would be desir- 
able to develop a shock-resistant composition 
having the high heat softening property of 
polystyrene. But st>Tcne resins are brittle, par- 
ticularly at low temperatures, and consequently 
have littie or no resistance to rupture under 
impact. On the other hand, it is known that 
rubbery materials such as the rubbery copoly- 
mers of butadiene and styrene are flexible and 
shock-resistant not only at room temperature 

[Pnce 3s.6d.\ 



but also at temperatures approaching - 30° C, 
and lower. It became known to those skilled 
. in the art that certain advantages are obtained 
when these materials are blended together in 
proper proportions, However, when this was 
attempted with certain resins and rubbers the 
resulting blends were cheesy or crumbly with 
consequent loss of the properties of both com- 
ponents because of the incompatible nature 
of these materials for each other. On the other 
hand when attempts are made to make these 
components compatible with each other, then 
properties intermediate of tiiose possessed by 
the separate components are developed. Since 
the physical properties of impact-resistant com- 
positions made of thermoplastic materials of 
the type mentioned here are dependent upon 
the temperature in which they are used, it 
becomes extremely important to develop a 
composition which is flexible at extremely low 
temperatures approaching - 30^C. and lower, 
and resistant to softening at extremely high 
temperatures approaching 100°C. and dimen- 
sionally stable even in extremely thin gauges 
throughout this entire temperature range. Up 
until the present time very few, if any, resinous 
compositions were known which were capable 
of useful application over such a wide range 
of temperatiires. 

It has now been discovered that exception- 
ally desirable thermoplastic compositions can 
be' prepared from blends of different resins 
and rubbers, particularly those resins and 
rubbers based upon styrene when blended 
wholly or in part with the graft rubbery poly- 
mer of this invention. 

This invention consists in a rubbery graft 
polymer characterized by a backbone of a 
rubbery polymer of a minor amount of a 
vinyl aromatic monomer, a major amount of a 
conjugated diene monomer, and acrylonitrile, 
and having grafted thereto a resinous acrylo- 
nhrile polymer, the rubbery backbone being 
present in a ratio of from 2.5 to 4.5 pans by 
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weight per part of grafted resinous copolymer, 
and the acr>'loniirile being present in the 
rubber}' backbone in an amount of from about 
5 to about 15 parts per 100 parts of total 

5 monomer used in making said backbone. The 
resinous acrylonitrile polymer suitably com- 
prises a major amount of vinyl aromatic mono- 
mer and a minor amount of acrylonitrile. 
This invention also consists in a method of 

10 making a dimensionally stable rubbery graft 
polymer characterized by forming a resinous 
acrylonitrile pohTner in the presence of a 
rubbery polymer of a minor amount of a vinyl 
aromatic monomer, a major amount of a con- 

15 jueated diene monomer, and 5 to 15 parts by 
weight per 100 parts of total monomer used 
in the rubbery polymer of acrylonitrile. 

The rubber^' styrenc graft polymer of this 
invention may be made by first forming a 

20 rubbery backbone made by reacting a major 
proportion, preferably 70 to 90 parts by weight 



of a conjugated dienc hydrocarbon, with a 
minor proportion, preferably 30 to 10 parts 
by weight of at least two copolymenzable 
monomers, one of which is a vinyl aromatic 
monomer, such as styrene, and the other of 
which is acrylonitrile which is present m an 
amount of from 5 to 15 pans by weight per 
100 parts of monomer used in makmg the 
backbone, and then grafting thereto a resinous 
polymer, for example the known polymer pro- 
vided by polymerising a major amount of a 
vinyl aromatic monomer, preferably styrene in 
amounts from 60 to 80 parts by weighs and 
a minor amount of acrylonitrile, preferably 20 
to 40 parts by weight, in the presence of the 
preformed rubbery backbone until die rcaaion 
is complete. The following example illustrates 
a preferred manner of making a styrene/ 
acrylonitrile graft rubbery polymer in accord- 
ance with this invention. Ail parts are by 
weight unless otherwise indicated. 



Example 1 



Components for Making 
Rubbery Backbone 



Water (Diluent) 

Potassium Fersulfate (Polymenzation 
Initiator} 

Sodium Steaiate (Emulsifier) 

Sodium Rosinate (Emolsifier) 

Sodium Hydroxide (pH Adjustor) 

Styrene (Monomer) 

Acrylonitrile (Monomer) 

n-Dodeqrl Mercaptan (Modifier Activator) 0.05 

t-Dodecyl Mercaptan (Modifier) 

Butadiene (Monomer) 

Components Used for Grafting 
onto Rubbery Backbone 



Styrene (Monomer) 
Acrylonitrile (Monomer) 



Farts 


-l-ro - 


179.0 


65.0 


0.3 


0.2 


3.0 


1.0 


2.0 


1.0 


0.022 


0.01 


7.8 


3.9 


7.8 


3.9 


0.05 


0.03 


0.2 


0.1 


62.2 


7.8 


15.5 


2.2 


6.7 


2.2 



25 



30 



35 



40 



In making the rubbery backbone, the water 
45 was charged to a reaaor together with each of 
the next eight components listed above and 
then the reactor was flushed with nitrogen to 
remove trapped air. The butadiene-1,3 was 
then charged to the reactor. The reaction mix- 
50 ture was then agitated and heated at 125**F. 
until the reaaion was substantially complete, 



which took about five hours to reach 30% 
solids, after which time the components 
enumerated above for grafting onto the rubbery 
backbone were added to the reactor and heated 5- 
at 135°F. until 37% solids was formed, after 
which time the reaction was discontinued by 
adding a short stopping agent such as 0.2 part 
of sodium dimethyl dithiocarbamate followed 



866,667 



•10 



15 



by L5 parts of an antioxidant, such as " Wing- 
stay " (registered Trade Mark) S (a commer- 
cial mixture of styrenatcd phenols). The result- 
ing styrene/acryonitriic graft rubbery polymer 
may be recovered from its latex by coagulation 
with Al:(SO,), or BaCL or similar polyvalent 
metal salts, or the latex may be recovered as 
a blend with other latxces by spray drying the 
blended latices in such a manner as to flash 
off the water from the solids. 

The rubbery styrene/acrylonitrile graft poly- 
mer prepared in accordance with the condition 
of Example 1 is of value in making a flexible 
composition when blended with a resinous 
polymer made from, for example, styrcne and 



particularly resinous copolymers of stvrene and 
acrylonicrile as well as the vinyl resins and the 
acrylatc resins. 

The propenies of this rubber>- st>Tene/ 
acrylonitrile graft polymer such as its swelling 
index in methyl ethyl ketone may be changed 
by adding a cross linking agent to the mono- 
mers used in preparing the rubbery backbone. 
In Example 2 below divinyl benzene was used 
as the cross linking agent. The manner of form- 
ing the rubbery backbone and grafting the resin 
thereto was the same as described for Example 
1 with the exception that divinyl benzene was 
present during the formation of the backbone. 
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Rubbery Backbone 


Parts 


+ ro - 


Water (Diluent) 


179.0 


65.0 


Potassium Persulfatc (Polymerization 
Initiator) 


0.3 


0.2 


Sodium Stearate (Emulsifier) 


3.0 


1.0 


Sodium Rosinate (Emulsifier) 


2.0 


1.0 


Sodium Hydroxide (pH Adjustor) 


0.022 


0.01 


Styrene (Monomer) 


7.8 


3.9 


Acrylonitrile (Monomer) 


7.8 


3.9 


n-Dodeqrl Mcrcaptan (Modifier Activator) 


0.05 


0.03 


t-Dodecyl Mcrcaptan (Modifier) 


0.2 


0.1 


Divinyl Benzene (Cross Linking Agent) 


0.3 


0.1 


Butadiene-lj3 (Monomer) 


62.2 


7.8 


Components Used for Grafting 
onto Rubbeiy Backbone 






Styrene (Monomer) 


15.5 


2.25 


Acrylonitrile (Monomer) 


6.7 


2.25 



The difFcrcnoes in most of the physical properties between the 
&^ polymers of Examples 1 and 2 are slight as may be observed from 
the values listed below: 
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Table 1 





Example 1 


Example 2 


Divinyl Benzene (parts) 


0.0 


0.3 


TensUc (P.S.L) 


1170 


1040 


Elongation (%) 


290 


270 


Shore Hardness 

A 

A 
D 


Aft 

39 


OA 

38 


Softening Point *T. 


84 


86 


Crescent Tear 0!^/in.) 


225 


172 


Olsen Flow (in./min.) 
290 
320 
350 


0.76 
0.93 
1.04 


0.75 
0.94 
1.15 


MEK Solubility (%) 


11.6 


12.0 


MEK Swelling Indes 


7.1 


5.5 



The conditions of polymerization of the 
monomers listed above can be any of those 
normally used in preparing emulsion polymers 

5 of this nature. For example, the preparation 
of the graft rubbery polymer of this invention 
does not depend' upon the particular catalysts 
or polymerization initiators or modifiers or 
emulsifiers and the like that are to be used in 

10 bringing about their polymerization^ but does 
depend upon the fact that a resinous copoly- 
mer is grafted onto a rubbery backbone and in 
the instant invention it is essential that acrylo- 
nitrilc be present in the rubbery backbone and 

15 still more important is the fact that the acrylo- 
nitrile component of the rubbery backbone be 
present in from 5 to 15 parts by weight per 
100 parts of total monomer used in making the 
rubbery backbone. When acrylonitrile is used 

20 in making the graft portion of the graft rubber 
with styrene, acrylonitrile is to be present in 
from 20 to 40 parts by weight per 100 parts 
of total monomer used in making the grafted 
portion of the graft polymer of this invention. 

25 In the formulation set forth above in Ex- 
amples 1 and 2, the column identified as 
-r- or - indicates that the amount of material 
that may be used may be greater than or less 
than the preferred amount indicated as being 

30 used in the examples: thus, in Examples 5— 
27, the properties are given for a blend which 
has been formed using the preferred amounts 
specifically given. Thus, for diluent the amount 
of water that may be used can range from 

35 114 parts to 244 parts. The same general range 



of pans for each of the other components is 
determined in the same way as was determined 
for water. In each case the total monomer used 
totals 100 parts. 

The importance of the use of from 5 to 15 40 
parts of acrylonitrile in forming the rubbery 
backbone terpolymer was discovered when 
blends of the graft rubbery composition of 
this invention were made with other resinous 
materials, panicularly the resinous copolymer 45 
made from styrene and acrylonitrile. Maximum 
physical properties, particularly tensile 
strength, elongation, hardness, shear, dimple 
recovery, Masland cold crack, softening point, 
. and Olsen stiffness, are developed when 10 50 
parts of acrylonitrile are used with 10 parts 
of styrene and 80 parts of butadiene-13 in 
preparing the rubbery tripolymer backbone 
upon which is then grafted the copolymer of 
70 parts of styrene and 30 parts of acrylonitrile 55 
in a ratio of 3.5 parts of backbone to 1 part 
of graft as may be observed from the data 
presented in Table 2 below. 

Each of the 12 blends listed in Table 2 
was made by blending 52 parts of the graft 60 
polymer made in accordance with Example 2 
above with 32 parts of the resinous copolymer 
made in accordance with Example 3 below, 
together with 15.7 parts of plasticizer which 
in this case was the rubbery polymer of 33 65 
parts of acrylonitrile and 67 parts of butadiene 
made in accordance with Example 4 below in 
a Banbury, together with 0.3 part of the anti- 
oxidant "mgstay" (R.T.Ai.) S, and then 
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working at temperatures of 300**F. until a In each of the blends tested and reported 
smooth and soft plastic mixture was obtained, in Table 2, the styrene/acrylonitrile resinous 10 
Pigments, fillers or plasiicizcrs may be added polymer component was made in accordance 
as desired. Each of the seven physical proper- with the following formula only with Ihe 
tics measured on each of the 12 blends was acryionitrile content varying as indicated in 
measured in accordance with regular ASTM Table 2: 
standards with the exception of the Masland 
cold crack test. 

Example 3 

Typical Formula for Styrene/Acrylonitrile Polymer 

Parts + or — 



Water 


180.0 


65.0 


Potassium Persulfate 


0.3 


0.2 


Sodium Rosinate 


5.0 


2.0 


Sodium Hydroxide 


0.022 


0.01 


Styrene 


70.0 


10.0 


Acryionitrile 


30.0 


10.0 


t-Dodecyl Mercaptan 


0.2 


0.1 



20 



The first four components were charged to 
a reactor after which it was flushed out with 
nitrogen, to which then was added die next 
three components and the reaction mixture 
allowed to polymerize to 37% solids, after 
which time 0.2 pan of sodium dimethyl dithio- 



carbamate together with 1.5 pans of Wingstay 
S were added to the mixture. The 15.7 pans 
of acryionitrile rubbery plasticizcr component 
used in the blends of Table 2 was prepared 
in accordance with the formula set forth in 
Example 4 below. 
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Example 4 



Parts 



Water (Diluent) 


200.0 


Potassium Persulfate 


0.3 


Nacconol N R P) 


0.5 


Tamol N O 


2.5 


Acryionitrile 


33.0 


t-Dodecyl Mercaptan 


0.2 


Butadiene 


67.0 



(i) dodecylbenzene sulfonate — sodium salt. 

(^) sodium salt of condensed naphthalene sulfonate and 
formaldehyde. 



The first six ingredients were charged to a 
closed reactor which was then flushed out with 
nitrogen to remove trapped air and then the 
butadiene was charged and the mixture reacted 



to 32y. solids at 125^F. (approximately 12 — 
15 hours). The cooled latex protected with 1.5 
parts of " Wingstay " (R.T.A1.) S was coagu- 
lated and dried. 



6 



866,667 



T3 

9 
.S 



i 

Is 

Is 

'Si 



1-^ 



2 o 



•§1 

O 

II 

■si 

II 

<s o 



•2 2 

S5 



I 



I 
I 



CO 

CO 



C 

1 



§ 

•a 

Si 
c 

O 



CO H 

Si 



§.2 a'i 

111! 



I 



PMQMpqP QPPPpqp 

irtin o in o o o o o o »n «r> 

S' 00 in irl in odsiciSiDfi? 



cnoo'^OiOO Tj< ^ in vo 

■ •••• 

ooooovokoop^ S)SySyS) 

0% G\ 0\ 0\ Cf\ G\ OVO\O^OV 



I>- <N O 0\ m 03 O ^ ^ O 00 JN 



S^inSiAS&! tn{ni?i&>Svi 



Id 



I o o oo 
i vo o 00 



m in in v> Q in 
00 csi vo cs 



a0O\^O«Ov00 oo 0\ 00 CS 0> 00 
^ pH ^ ^ ^ fiH d ^ 



^ looooot^ r*t<iccoinin 
< I ^jr, ^^^JIC* ^ 



< 1 pp o o2 in 

_ too \\o in 
oo I £S p p 



o 

in in in in m 



\in \o tn \ 
in r* in in 



PQ ISSSSSS sssss 



ilil 
^^^^ 

m 00 Ok o 



CM tf\^V\\0 



I 

3 
O 



I 
I 



> 



i 

i 



1 

•s 

CN 

I 



i 



•a a 



1 



d 



111 i 



, 6073^ 



.<pqUQH 



866,667 



The invention will be further described with 
reference to the accompanying drawings. 

A topographical representation of tear 
strengdi response surface in pounds per inch 
5 has been plotted as set forth in Fig. 1 of the 
drawing derived from the crescent tear data 
of Table 2; 

A topographical representation of tensile 
strength response surface in pounds per square 
10 inch has been plotted as set forth in Fig. 2 
of the drawing derived from die tensile data 
of Table 2; 

A topographical representation of elonga- 
tion response surface in percent has been 
15 plotted as set forth in Fig. 3 of the drawing 
derived from the elongation data of Table 2; 

A topographical representation of dimple 
recovery response surface in percent has been 
plotted as set forth in Fig. 4 of the drawing 
20 derived from the dimple recovery test data 
of Table 2; 

A topographical representation of Olsen flow 
has been plotted as set forth in Fig. 5 of the 
drawing derived from Olsen flow test data of 
25 Table 2; and 

A topographical representation of Shore D 
hardness has been plotted as set forth in Fig. 
6 of the drawing. 
In each of the graphs shown in Figs. 1 
30 throu^ 6, the topographical representations 
were made in accordance with the method 
described by G. E. P. Box in Journal of 
Applied Statistics 6, pages 81—101 (1957) and 
by 0. L. Davies in Industrial Statistics, Chap- 
35 ter 11 (Second Edition 1954). 

In each of the graphs shown in Figs. 1 to 
6, the relationship between the response 
(property being measured i.e. tensile strength, 
shear, etc.) and the amount of acrylonitrile in 
40 the backbone of the graft polymer and the 
..amount of acrylonitrile in the resin blended 
with the graft polymer is represented by a 
solid area or response surface which in the 
case of Figs. 1, 2, and 6 the response surface 
45 rises up out of the plane of the paper to form 
a mound and in the case of Figs. 3, 4, and 5 
the response surface recedes from the plane of 
the paper to form a dish. The height of the 
moimd at any particular point represents the 
50 tear strength (Fig. 1), tensile strength (Fig. 2), 
and the hardness (Fig. 6) at some set of condi- 
tions, two of which have been indicated by 
the ordinate and abscissa of these graphs. The 
depth of the dish at any particular point reprc- 
55 sents the elongation (Fig, 3), dimple recovery 
(Fig. 4), and Olsen flow (Fig. 5) at the same 
set of conditions as used for the data repre- 
sented in Figs. 1, 2, and 6. 
The blends used in obtaining the data re- 
60 ported in Tabic 2 were made as follows: 

Fifty-two parts of the latex solids of Ex- 
ample 2 were blended with 32 parts of the 
latex solids of Example 3 and reduced to 
solids by spray drying in the presence of 0.3 



part of Wingstay S. The resulting solids is 65 
mi.vcd with 15." parts of the butadiene/acrylo- 
nitrile rubbery copolmer of Example 4 by 
milling at for ten minutes to produce 

a smoodi blend. This resulting thermoplasuc 
blend was used in obtaining the data of Table 70 
2 in accordance with standard ASTM pro- 
cedure and other established methods of test- 
ing. In each of the Figs. 1 to 6 the broken 
line represents the limit of aaual experimental 
investigation. The lines extending outside of 75 
these broken ilnes represent extrapolation of 
tlie results that would be expeaed to be ob- 
tained should the acr\'lonitrile content in both 
the resin component of the blend and the 
rubber backbone of the graft rubber be altered 80 
as indicated. It is to be observed that with 
respect to the acr\*lonitrile content of the back- 
bone of the graft rubber pol>Tner optimum 
results are obtained generally when about 10% 
of acrylonitrile is present in the backbone. It 85 
will further be observed that for the various 
physical propenies plotted in Figs. 1 to 6 the 
acrylonitrile content variation is dependent 
more upon the acr^-lonitrile content in the 
rubbery backbone of the graft rubber polymer 90 
than in the resin component of the blend. 

The butadiene/acrylonitrile rubbery copoly- 
mer component of the blend is used as a 
plastidzer for the resin and for the graft rubber 
components of the blend used in reporting the 95 
values set forth in Figs. 1 to 6 and any other 
suitable plastidzer may be used without chang- - 
ing the basic observations made with respect 
to the acrylonitrile content needed in the back- 
bone of the graft polymer in producing the 100 
optimum properdes disclosed in Figs. 1 to 6. 
Thus, other solid plasddzers may be used 
which impart the desired degree of flexibiliiy, 
elongation, and flow to the composition. 
Generally speaking, the composition may con- 105 
tain not less than about 5% and not more 
than about 25*'. plastidzer depending upon 
the particular plastidzer being used. 

The ratio of the graft portion on the back- 
bone may range in amount from 2.5 to 4.5 IIO 
pans of rubbery backbone per part of graft 
portion. VJ'hen the ratio of backbone to graft 
is less than 2.5 the graft rubber becomes too 
brittle, has poor dimple recovery, and lower 
elongation. YtTien this ratio exceeds 4.5 then 115 
the graft rubber loses its unique properties in 
regard to tear strength, tensile strength, and 
compatibility control with other rubbers and 
resins. 

The graft rubber)- pohmer of this invention 120 
may also be blended with polyvinyl chloride 
to give a material which may be processed at 
a lower temperature, about 250^F., than is 
needed to process the blends of Table 2 at 
about 300°F. while still retaining many of the 125 
low temperature impact resistant propenies 
and also being resistant to softening at elevated 
icmperanires." 
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Fee following components were used in made in accordance with Example 2 above 
xiking a blend of a graft rubbery polymer whh polyvinyl chloride; 
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Farts 


Styrene,<Acrylonitrile 70/30 Resin 




(Made according to Example 3) 


13.7 


PVC (Polyvinyl Chloride of .50 




Litrinsic Viscosity) 


26.6 


Grafk Rubbery Polymer (Made 




according to Example 2} 


48.4 


Plastidzer (Butadiene/Acrylonitrile Polymer) 




(Made according to Example 4) 


9.0 


Antioxidant ("Wingstay" (R.T.M.) S) 


1.0 


Plastidzer ("Paraplex" (Registered 




Trade Mark") G-60) (Polyester 




glycol resin) 


1.3 



These components were blended on a plastics mill at 
250^ F, mtil a smooth mixture was obtained. The above blend 
had the Mowing physical properties: 

Table 3 

PVC Modified Example 14 



Blend Blend 



Tensile Strengdi, psi 2150 2215 

Elongation, % 230 220 

Hardness, Shore D 63 57 

Softening Point, ''F. 158 200 

Crescent Tear Strength, lb/in. . 447 380 

Ehnendorf Tear Strength, lb/in. 193 51 

Masland Cold Flex 0^ F. E E (a) 

-10" F. EE 

-30'' F. EE 

-40' F. EE 

Specific Gravity 1.2313 1.088 
Shrinkage, %, 96 hr. @ 190° F. 

Length 1.67 0 

Transverse 1.33 0 

Fog Test (b) No Fogging No Fogging 
Weatherometer, 100 hrs. plus ^ 

> (c) No Change No Change 
Fadeometer, 100 hrs. J 

Tensile, 70 hrs. @ 158" F., psi. 2150 2370 

Elongation, 70 hrs. @ 158° F., % 240 200 

Shore D, 70 hrs. @ 158** F. 62 57 



(a) E « No visible effect. 

(b) Place sample under glass and expose to ultraviolet light for 16 hours. 
If glass remains clear then no fogging has occurred. 

(c) Rating made on change in color and stifihess. 
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The rubbery graft polymer of this invention 
is useful in blends with resinous polymers in- 
cluding polystyrene, the polyacrylatcs, and co- 
polymers of styrene and acrjlonitrile. The ratio 
^ of the rubbery 'graft polymer to resinous poly- 
mer in the blends may var>' from 8 : 1 to 1 : 8. 
The flexible blends are produced from ratios 
of 8: 1 to 3: 1; the semi-rigid blends are pro- 
duced from ratios of 3:1 to 1:2^ and the 
10 rigid blends are produced from 1:2 to 1:8 
of rubbery graft polymer to resinous pol}*mer 
in all cases. Thus, for example, using a rubbery 
graft polymer of this invention in which the 
resinous acrylonitrile polymer comprises from 
15 60 to 80 parts by weight of styrene and from 
40 to 20 parts by weight of acrylonitrile, the 
two monomers being present in an amount 
sufficient to total 100 parts, a flexible blend 
may be a blend of 70 parts by weight of the 
20 rubbery graft polymer and 30 pans by weight 
of a resinous pol^raier resulting from rfic poly- 
merisation of a mixture comprising 70 parts 
by weight of styrene and 30 parts by weight 
of acrylonitrile, and a rigid blend may be a 
25 blend of 20 parts by weight of the rubery graft 
polymer and 80 parts by weight of a resinous 
polymer of 70 parts by weight of styrene and 
30 pans by weight of acrylonitrile. 
Typical uses for the flexible blends include 
30 decorative film for wall covering in gauges 
from 3 to 10 mils; crash pad skms for auto- 
motive paneling in gauges from 25 to 35 mils; 
as decorative fmniture finish particularly when 
bonded by heat or adhesive to a substrate of 
35 wood; decorative finish for metals used in 
card tables, automotive paneling; and for ex- 
truded goods such as garden hose which possess 
the desirable property of remaining flexible at 
below 32^F. The semi-rigid blends are readily 
40 adapted to such uses as molded shoe heels, 
electrical conduit, water pipe, and border trim 
for gardens. Typical uses for die rigid blends 
include extruded or calendered embossed 
sheeting whidi sheeting may be used for panel- 
45 ing and other constructional use^^ post formed 
into refrigerator liner^ automodve scuff pads, 
seat end diields, and head Uners, as well as for 
many other articles of household use such as 
dishes or trays. Rigid pipes may be extruded 
50 from the rigid stock. These blends are also 
readily injecrion molded into a wide variety 
of useful articles, such as cups and buckets. 

WHAT WE CLAIM IS : — 

1, A rubbery graft polymer characterized by 

55 a backbone of a rubber}' polymer of a minor 
amount of a vinyl aromatic monomer, a major 
amount of a conjugated diene monomer, and 
acrylonitrile, and having grafted thereto a 
resinous acrylonitrile polymer, the rubbery 

$0 backbone being present in a ratio of from 2.5 
to 4.5 pans by weight per part of grafted 
resinous copolymer, and the acrylonitrile being 
present in the rubbery backbone in an amount 
of from about 5 to about 15 parts per 100 



parts of total monomer used in making said 65 

backbone. 

2. A rubbery graft pohiner according to 
claim 1 in which the resinous acr}'lonitrile 
polymer is comprised of a major amount of 
vinyl aromatic monomer and a minor amount 70 
of acrylonitrile. 

3. A rubbery graft polymer according to 
claim 1 or 2 in which the' backbone is made 
in the presence of a cross Hnking agent. 

4. A rubbery graft polymer according to 75 
claim 3 in which the cross linking agent is 
divinyl benzene. 

5. A rubbery graft pohiner according to 
any of claims 1 to 4 in which the vinyl aro- 
matic monomer in all instances is styrene. 80 

6. A rubbery graft polymer according to any 
of claims 1 to 5 in which the backbone is com- 
prised of a rubbery pohmer of 70 to 90 parts 
by weigh of butadiene-1,3, 5 to 15 pans by 
weight of styrene, and 5 to 15 pans by weight 85 
of acrylonitrile, each of the three monomers 
being present in amount sufficient to total 100 
pans. 

7. A rubbery graft polymer according to any 

of claims 2 to 6 in which the resinous acrylo- 90 
nitrile polymer is comprised of from 60 to 80 
parts by weight of styrene and from 40 to 20 
parts by weight of acrylonitrile, the two mono- 
mers being present in an amount sufficient to 
total 100 pans. 95 

8. A blend of the polymer of any of the 
preceding claims with a sq?rene resin and a 
diene rubber. 

9. A blend of the polymer of any of claims 

1 to 7 with a resinous copolymer of styrene ICQ 
and acrylonitrile. 

10. A blend of the polymer of any of claims 
1 to 7 with a resinous copolymer of styrene 
and acrylonitrile and a plasticizer therefore* 

11. A flexible blend of 70 pans by wef^t 105 
of the graft polymer of claim 7 and 30 parts 

by weight a resinous polysier resulting from 
the polymerizadon of a mixture comprising 
70 pans by weight of styrene and 30 parts by 
weight of acrylonitrile. 1 10 

12. A rigid blend of 20 pans by weight of 
the graft polymer of claim 7 and SO parts by 
weight of a resinous polymer of 70 pans by 
weight of styrene and 30 pans by weight of 
acrylonitrile. 115 

13. A blend of the polymer of any of claims 
1 to 7 with polyvinyl chloride, rubbery buta- 
diene-stjTene copoljmers, polystyrene or poly- 
acrylate esters. 

14. A blend of the pol>'mer of any of claims 120 
1 to 7 with nitrile rubbers or diene rubbers 
including polybutadiene. 

15. A dimensionally stable sheet made of 
the blends of any of claims 8 to 14. 

16. A dimensionally stable sheet of less than 125 
.1 inch thick made of the blend of claim 10. 

17. A method of making a dimensionally 
stable rubbery graft polymer characterized by 
forming a resinous acrylonitrile polymer in the 
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presence of a rubbery polymer of a minor 
amount of a vinyl aromatic monomer, a major 
amount of a conjugated diene monomer, and 
5 to 15 parts by weight per 100 parts of total 
5 monomer used in the rubbery polymer of 
acrylonitrile. 

18. A method according to claim 17 in 
which the rubbery polymer is made by react- 
ing of from 70 to 90 parts by weight of buta- 

10 diene 1,3 with from 30 to 10 parts by weight 
of at least two copolymeri2able compounds one 
of which is the vinj'l aromatic monomer and 
the other of which is acrylonitrile. 

19. A method according to claim 17 in 
5 which the resinous acrylonitrile polymer is 

formed by reacting a major amount of a vinyl 
aromadc monomer and a minor amount of 
acrylonitrile. 

20. A method according to any of claims 17 



to 19 in which the vinyl aromadc monomer in 20 
all instances is styrene. 

21. A method according to claim 19 or 20 
in which the vinyl aromatic monomer is present 
in amounts of from 60 to 80 parts by weight 
and acrylonitrile of from 20 to 40 parts by 25 
weight, the 2 monomers being present in an 
amount to total 100 pans. 

22. A rubbery graft polymer according to 
claim 1 and substantially as set forth and de- 
scribed hereinbefore. 30 

23. A blend of the rubbery graft polymer 
substantially as set forth and described herein- 
before. 

24. A method of making dimensionally stable 
rubbery graft polymer substantially as set forth 35 
and described hereinbefore. 

MARKS & CLERK. 
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TOPOGRAPHICAL REPRESENTATION 
OF CRESCENT TEAR STRENGTH 
RESPONSE SURFACE 



2r:f— 35(} LBS. PER INCH ISOBAR 
-400 LBS. PER INCH ISOBAR 
-423 LSS. PER INCH ISOBAR 
435 LBS. PER INCH ISOBAR 

EXPERIMENTAL AREA 
EXTRAPOLATED AREA 



5 10 15 20 
% ACRYLONITRILE IN BACKBONE 
OF GRAFT RUBBER 
SEE (U TABLE Z 



FIG. I 




TOPOGRAPHICAL REPRESENTATION 
OF TENSILE STRENGTH 
RESPONSE SURFACE 



-f—ZOOO LBS. PER SO. INCH ISOBAR 



[—1900 LBS. PER SO. INCH ISOBAR 



-1800 LBS. PER SQ. INCH ISOBAR 



EXPERIMENTAL AREA 



EXTRAPOLATED AREA 



FIG. 2 
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TCPCGRAPHICAL REPRESENTATION 
CF ELONGATION RESPONSE 
SURFACE 



210 % 



250 % 
h-290 % 

^EXPERIUeNTAL AKEA 



FIG. 3 
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TOPOGRAPHICAL REPRESENTATION 
OF DIMPLE RECOVERY 
RESPONSE SURFACE 



99 % IN 10 MINUTES 
-98.5% IN 10 MINUTES 
-98 % IN 10 MINUTES 



FIG. 4 
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- TOPOGRAPHICAL REPRESENTATION 
OF OLSEN FLOW RESPONSE 
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4 ^5 INCHES PER MINUTE AT 320» F. » 1500 PSI 
I ^6 INCHES PER MINUTE AT ZZO' F. a 1500 PSI 
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TOPOGRAPHICAL REPRESENTATION 
. OF SHORE "0" HARDNESS 



^-57 SHORE 0 
58 SHORE 0 



1—59 SHORE 0 



1 f^EXPERfMENTAL AREA 



EXTRAPOLATED AREA 



FIG. 6 
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